from the adrenal cortex, especially benign tumors , have not been fully studied yet. This is because they are mostly silent as far as clinical signs are concerned and are difficult to obtain as operation materials. According to Commons (3) and Russi (14) , non-functioning tumors are found fairly frequently at autopsy and this ratio is generally considered to be 1-2% of all autopsy cases. The word "non-functioning" is a clinical criteria, and it has been shown that such silent tumors have little hormone producing capacity according to Kaplan (9) and Harada (7) . In the present study, the hormone contents were measured in non-functioning adenomas and adenomatous nodules and were compared with those in primary aldosteronism and Cushing's syndrome. Adrenocortical tumors are composed of clear-type cells with large amount of lipid droplets and compact-type cells with a few or no fine lipid granules (20, 21) . Symington et al. (17, 18, 19) and Tsuchiyama (20, 21, 23) have suggested that cleartype cells play a role in the storage of steroid precursors and that compact-type cells TABLE 1. Cases of non-functioning tumor; primary aldosteronism and Cushing's syndrome play a role in active synthesis and secretion of steroids. However, Harada (7) has indicated that clear-type cells store not only the steroid precursors, but also the final products in primary aldosteronism. In the present study dealing mainly with nonfunctioning tumors, an attempt was made to study the relationship between the hormone contents and the morphological proportion of constituting cells, which were characterized with enzyme histochemical and electron microscopic observations.
MATERIALS AND METHODS
Three cases of non-functioning adenomatous nodule obtained at autopsy, a case of non-functioning adenoma resected surgically, 2 cases of adenoma in primary aldosteronism and 5 cases of adenoma in Cushing's syndrome were examined. The clinical data of these cases are shown in Table 1 . All adrenal tissues were cooled in the jar immediately after resection or at autopsy. A part was prepared for histological examination and another part of specimens of surgical cases was prepared for enzyme histochemical and electron microscopic sections. As illustrated in Fig. 1 , the quantitative samples were collected by the modified method of Harada (7) .
Adrenal tissue was cut into 10 ,um-thick sections in a cryostat, and the proportion of clear-type cells and compact-type cells (Fig. 2 ) was calculated after stained with oil red 0. Then, 10-30 µm-thick sections were made for the quantitative samples. After weighing, the quantitative samples were each preserved in a vial with cold acetone at -40°C until hormonal analysis could be done. Moreover, when a sufficient amount of adrenal tissue was cut off until the proportion of constituting cells changed, the quantitative samples were collected again. In this way, 7-15 quantitative samples were obtained from each one case. The contents of aldosterone, corticosterone and cortisol in adrenal tissues were measured by radioimmunoassay, based on the method of Fukuchi et al. (5, 6) . The details of this method have been reported in the paper of Harada (7) . Antialdosterone, -corticosterone and -cortisol-3-BSA antiserum were obtained from Japan Balcon Inc. and were stored at -70°C.
Before use, they were diluted with pH 8.0, 0.05 M borate buffer, containing 0.1 % gamma-venin (Hoechst Japan Co.) and methanol for optimum sensitivity to 1 : 50,000, 1 : 20,000 and 1 : 50,000, respectively. The standard and labeled corticosteroids were obtained from Sigma Co. and New England Nuclear Co.
Both histochemical activities of 3fl-hydroxysteroid dehydrogenase (3fHSD) converting pregnenolone to progesterone and glucose-6-phosphate dehydrogenase (G6PD) which is considered to be an indirect parameter of the steroid synthesizing activity were examined.
Furthermore, the maximum cut surface of adrenal nodules was observed with hematoxylin-eosin and Mallory-Azan stains, and the area of round or oval nuclei which had prominent nucleoli and distinct intranuclear structure was calculated. The proportion of constituting cells and the area of nuclei were measured with Leitz's image analysis system.
RESULTS

MORPHOLOGICAL FINDINGS
Non-functioning adenomatous nodules continued from the surrounding adrenal cortex and were composed of clear-type cells with a large amount of lipid droplets stained with oil red 0, and compact-type cells with a few or no fine lipid granules . The adrenal cortex of the non-nodular portion was not atrophic and Cases 3 and 4 showed a cortical hyperplasia with multiple nodules. Case 4 had an adenoma sized 2.5 X 2.0>< 1.8 cm with a focal fibrous capsule. Two cases of primary aldosteronism were accompanied by adrenal adenomas. Those adenomas were lobulated into large or small alveoli by fibrovascular septa. The major part of the adenoma was occupied by clear-type cells with wide cytoplasm, and the small groups of compact-type cells were scattered around fibrovascular septa. Large or hyperchromatic nuclei were occasionally found, and some cells with a fusing appearance were also seen.
All cases of Cushing's syndrome had adrenal adenomas sized larger than 2.5 cm. The adenomas were composed of clear-type cells and compact-type cells, and their proportion was almost equal. A few compact-type cells had large nuclei. Massive infiltration of mononuclear cells was found focally.
The results of measurement of the area of nuclei in each group is shown in Table  2 . There was no statistically significant difference between non-functioning adenoma or adenomatous nodules and adenoma in Cushing's syndrome. And in those groups, there was no statistically significant difference between clear-type cells and compact-type cells. The nuclei revealed a uniform size in each group, but a few compact-type cells were more than 100 zm2. On the contrary, in primary aldosteronism, both clear-type cells and compact-type cells had large nuclei, with a II. TISSUE CORTICOSTEROID CONTENTS The hormone contents in adrenal tissues of each group are shown in Table 3 . The contents of aldosterone and corticosterone were significantly higher in primary aldosteronism (Pl<0.01. P3<0.001) than in other groups, with a mean value of 1.4 ±0.72 ng/mg tissue and 3.18±2.12 ng/mg tissue, respectively. The cortisol content was significantly higher in Cushing's syndrome (P3<0.01) than in primary aldosteronism, with a mean value of 11.93±3.68 ng/mg tissue, but there was no statistical significance between non-functioning adenomatous nodules and adenoma in Cushing's syndrome, though the cortisol content in the latter showed a tendency to higher value than in the former. The aldosterone content in the non-tumorous portion of primary aldosteronism had a mean value of 0.03 ng/mg tissue and was significantly lower than in adenoma (P<0.001).
The mean cortisol content in non-functioning adenoma of Case 4 was 5.29 ng/mg tissue and significantly lower than in non-functioning adenomatous nodules (P<0.01) and adenoma in Cushing's syndrome (P<0.001) . steronism, corticosterone in all groups, and cortisol in non-functioning adenomatous nodules and adenoma in Gushing's syndrome. The cortisol content varied from 1.88 ng/mg tissue to 38.10 ng/mg tissue in adenoma of Cushing's syndrome and from 0.78 ng/mg tissue to 20.87 ng/mg tissue in non-functioning adenomatous nodules. Particularly, the mean cortisol content in the adenomatous portion of Cases 3 and 4 was 11.15 ng/mg tissue and 9.17 ng/mg tissue, respectively, and it was the same value as that in Gushing's syndrome. Fig. 6 indicates the percentage of hormone content in each group. The hormone content in non-functioning adenomatous nodules was similar to those in Gushing's syndrome.
In the groups of primary aldosteronism and Cushing's syndrome, there was no correlation among tumor size, hormonal level in plasma and the tissue corticosteroid contents. between the cortisol content and the increase of clear-type cells in non-functioning adenomatous nodules.
In primary aldosteronism, there was a negative correlation between the aldosterone content and the increase of clear-type cells; in other words, there was a positive correlation between the aldosterone content and the increase of compact-type cells. However, there was no obvious correlation between the corticosterone content and the proportion of constituting cells. In Cushing's syndrome, there was a negative correlation between the corticosterone content and the increase of clear-type cells, but there was no obvious correlation between the cortisol content and the proportion of constituting cells.
IV. ENZYME HISTOCHEMICAL FINDINGS
In non-functioning adenoma of Case 4, the activities of 33HSD and G6PD were generally weak but strong activity in a few compact-type cells was scattered throughout the tumor.
In primary aldosteronism, the activity of 3 j3HSD was slightly positive in cleartype cells and sometimes they showed negative, particularly in clear-type cells which had many lipid droplets.
On the contrary, compact-type cells showed higher than moderate enzyme activity.
The activity of G6PD revealed almost the same tendency and compact-type cells showed higher than moderate enzyme activity.
In Cushing's syndrome, the activity of 39HSD was weak to moderate in cleartype cells and moderate to strong in compact-type cells. In the activity of G6PD, FIG. 6 . The percentage of the hormone contents in non-functioning adenomatous nodule (Non-F. N.), primary aldosteronism (Pr, ald.) and Gushing's syndrome (Gushing). 
DISCUSSION
The word "non-functioning" is a clinical criterion and does not refer to hormonal activity of natural adrenocortical nodules. Kaplan's (9) study on non-functioning nodules has been reported and the measurement of hormone content in adrenal tissues has also been reported by Harada (7) . According to these reports, the hormone content in the non-functioning tumors generally revealed low values. However, in Harada's report, a case of non-functioning nodules with the same cortisol content as an adenoma in Gushing's syndrome was also found.
Concerning the hormone contents, the aldosterone and corticosterone were significantly high in primary aldosteronism and the cortisol content was high in Gushing's syndrome, as previously reported by many investigators (l, 4-7, 9, 10, 13, 16). In non-functioning adenomatous nodules, the aldosterone and corticosterone were significantly lower than those in primary aldosteronism. On the contrary, the cortisol content was significantly higher than that in primary aldosteronism. The cortisol content was also shown not to have a statistically significant difference between non-functioning adenomatous nodules and adenomas in Gushing's syndrome, though the former was lower than the latter. structure of those cells showed marked development of organellae as were found in Cushing's syndrome. Therefore, it may be possible that some kind of cells in a non-functioning tumor have hormonal activity as active as the cells in functioning tumors. However, such active cells in non-functioning tumor are less than those of functioning tumors and the areas of steroid production will be diminished. As to the mutual comparison in percentage of hormone contents, there was a similar tendency between non-functioning adenomatous nodules and adenomas in Cushing's syndrome. This fact suggests that adenomatous nodules in the present cases, especially Cases 3 and 4, have a potential of developing into Cushing's syndrome in the future under certain favorable conditions. It is necessary that the nodule becomes larger, the areas of hormone production become increased and that the receptors of tumor cells become more active in order to meet these conditions. Case 4 had multiple adenomatous nodules besides a true adenoma. Similarities in the morphological appearance between adenoma and adenomatous nodules may support the hypothesis that nodular hyperplasia precedes the development of adrenocortical adenoma in some cases, as Cohen et at. (2) have suggested. However, further studies including Conn-type nodules will be necessary to prove this concept.
Next, cells constituting adrenocortical tumors can be classified into the three following types (23) containing a few or no lipid droplets. (3) Intermediate-type cells with acidophilic cytoplasm containing relatively large vacuoles. In the present study , for convenience of calculation, the constituting cells were classified into clear-type cells , compact-type cells. The intermediate-type cells were included with the compacttype cells. There was a significant positive correlation between the aldosterone content and the increase of compact-type cells in primary aldosteronism , but there was no significant correlation between the cortisol content and the proportion of constituting cells in Gushing's syndrome. According to Sasano's study (15) on primary aldosteronism, the aldosterone content showed a low value in cases with a high clear-type cell proportion and compact-type cells had a conspicuously high content. However, he indicated that those two type cells were not directly concerned with storage and secretion of aldosterone. Enzyme histochemically, compacttype cells showed higher than moderate activities of 3/IHSD and G6PD. On the contrary, clear-type cells showed weak or negative activity of them. Electron microscopically, compact-type cells showed marked development of organellae. Therefore, it is suggested that compact-type cells play an important role in synthesis and secretion of aldosterone, and that clear-type cells play a role mainly in the storage of steroid precursors. These results support Tsuchiyama's speculation (20, 21, 23) , and they differ slightly from the result obtained by Harada (7) . This difference is probably due to the difference of methods of measuring the steroid content and cell proportion. In the author's method, there is only a 20-30 um thickness between sections calculated, the proportion of the constituting cells, and the sections for quantitative procedure. The error of sampling is slighter than Harada's method by puncher.
In Gushing's syndrome, compact-type cells showed moderate to strong activity of 3,3HSD and G6PD, but some clear-type cells also showed higher than moderate activity of those enzymes. Therefore, in Gushing's syndrome it was difficult to find the distinct enzyme histochemical difference between clear-type cells and compacttype cells, as that of an adenoma in primary aldosteronism. In this syndrome, the difference in histological appearance in these two types of cells may reflect only a difference in the phase of the cells and each of them play a role in hormone synthesis and secretion.
The area of nuclei on a maximum cut surface of nodules was also calculated in the present study. As Muto (12) and Tsuchiyama (22) pointed out, large and often hyperchromatic nuclei were prominent in primary aldosteronism and were in significantly greater numbers in compact-type cells than in clear-type cells. A few clear-type cells with an expanded cytoplasm and fused nuclei were also found. In non-functioning nodules and adenomas in Gushing's syndrome, a few large nuclei were found among compact-type cells, but the nuclei were generally uniform in size. Although the significance of large nuclei is not fully understood at the present time, it can be postulated that the large nuclei are characteristic of either an active tumor proliferation or of a degenerative process. It is desirable to perform further studies on the significance of nuclear attitude in non-functioning and functioning tumors. 
